Abstract Carbendazim and Chlorpyrifos are some of the most widespread environmental contaminants of major concern to human and animal reproductive health. Acute toxicity test results for pesticides were evaluated by the Probit analysis method and 96 h LC 50 values for C. chanos exposed to chlorpyrifos was 3.73 and 11.5 lg l -1 for carbendazim. Chlorpyrifos and carbendazim significantly decreased total protein, catalase, glutathione S-transferase and acetyl choline esterase and induced lipid peroxidation. Maximum effects of protein, catalase, lipid peroxidation, acetyl choline esterase and glutathione s-transferase were obtained in response to 23.68 lg l -1 of chlorpyrifos and 43.68 lg l -1 of carbendazim. Micronuclei assay results have shown increased abnormality with increasing doses of chlorpyrifos and carbendazim. Maximum increasing in micronuclei was observed in chlorpyrifos exposed C. chanos. This study showed that chlorpyrifos and carbendazim induced alterations in the activity of antioxidant enzymes and could induce clastogenicity.
Introduction
Pollution of aquatic ecosystem by chemicals used in industry and agricultural is increasing day by day. Pesticides are extensively used to protect agricultural crops against the damages caused by pests. Pesticides are released intentionally into the environment and, through various processes, contaminate the environment. Three of the main classes of pesticides that pose a serious problem are organochlorines, organophosphates and carbamates (Dyk and Pletschke 2011) . The extensive use of pesticides, insecticides, herbicides and fungicides is being promoted by Government of India to enhance the crop production to meet the demand of the growing population (Binukumari and Subhisha 2010) .
Extensive use of pesticides in agro ecosystem has resulted in global contamination of the environment. Only 0.1 % of the applied pesticides reach the target pests and the remaining 99.9 % find their way to different components of the environment (Tripathi and Shasmal 2011) . Chlorpyrifos is a widely used organophosphate pesticide, second largest selling in India and used for more than a decade to control pests on cotton, paddy fields, pasture and vegetable crops (Rao et al. 2003) . Chlorpyrifos is extensively used which may increase the load to aquatic environment, causing adverse effects on non-target fish. Treatment of organophosphate to fish inhibits activities of several enzymes, such as glucose-6-phosphatase, acid and alkaline phosphatases, lipid peroxidation, acetylcholinesterase, catalase, glutathione s-transferase and cytochrome oxidase (Monteiro et al. 2006; Yonar and Sakin 2011) . Chlorpyrifos (O,O-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate) is a broad-spectrum organophosphate pesticide used heavily throughout the world for agricultural and domestic purposes. Srivastava and Singh (2001) documented seasonal variation in the toxicity of organophosphate to Channa punctatus. Chindah et al. (2004) studied the toxicity of chlorpyrifos in Tilapia guineensis. Similarly, Gul (2005) investigated acute toxicity of chlorpyrifos for larvae of Oreochromis niloticus. Pandey et al. (2005) reported the toxicity of malathion to C. punctatus. Tripathi and Shasmal (2011) reported the toxicity of chlorpyrifos to Heteropneustes fossilis. Malathion has been reported to increase the protein content in the kidney of Clarias batrachus during the first week and thereafter a gradual decrease in the protein content was observed in the later periods of exposure (Khare et al. 2000) . It also decreased the protein content in gobiid fish (Venkataramana et al. 2006) .
Carbendazim (methyl-2-benzimidazole carbamate, MBC), a metabolite of benomyl is one of the most widespread environmental contaminants of major concern to human and animal reproductive health (Aired 2005) . MBC causes changes in chromosome number (aneuploidy) both in vitro and in vivo (in somatic cells and germ cells) as a result of its interference with mitotic spindle proteins. The mechanism by which aneuploidy is induced by carbendazim is well understood and consists of inhibition of the polymerization of tubulin, the protein that is essential for the segregation of the chromosomes during cell division. Chlorpyrifos and carbendazim are believed to affect hormone function and are included by the European Commission in the priority list of endocrine disruptors (Ferreira et al. 2008) . The micronucleus (MN) assay is another useful and popular technique for showing clastogenic and aneugenic effect (Norppa and Falck 2003) and has been extensively used in situ (Ali et al. 2009 ).
Fish are often used as sentinel organism for ecotoxicological studies because they play a number of roles in the trophic web, accumulate toxic substances and respond to low concentration of mutagens (Cavas and Ergene-Gozukara 2005) . Therefore, the use of fish biomarkers as indices of the effects of pollution, are of increasing importance and can permit early detection of aquatic environmental problems (Van Der Oost et al. 2003) .
The milkfish, Chanos chanos (Forsskal 1775) is the most important tropical marine fish in aquaculture. Milkfish occurs near continental shelves and around oceanic islands throughout the tropical Indo-Pacific. The milkfish has been the subject of toxicity studies (Magesh and Kumaraguru 2006; Palanikumar et al. 2012a Palanikumar et al. , 2012b . Although toxic and genotoxic effect of chlorpyrifos and carbendazim in some freshwater and marine fish were studied earlier (e.g. Ali et al. 2009; Sharbide et al. 2011) , the clastogenic and aneugenic effects of chlorpyrifos and carbendazim on tropical milkfish C. chanos is a rare topic.
Therefore, the present study investigates the acute toxicity, clastogenic and biochemical response of chlorpyrifos and carbendazim using acetylcholine esterase (AchE), catalase (CAT), glutathione S-transferase (GST), lipid peroxidation (LPO) and reduced glutathione (GSH) in liver tissues and micronuclei (MN) assay were carried out in whole blood of Chanos chanos (Forskkal) exposed in vivo. The study has been approved by Institutional Ethical Committee in accordance with the ethical standards provided by the Department of Marine and Coastal Studies, Madurai Kamaraj University, India.
Materials and methods

Experimental animals
Healthy specimens of a teleostean fish C. chanos (average size and weight 3.1 ± 0.3 cm; 3.5 ± 1.2 gm) were collected from Pamban coasts (Lat 09°16.26 0 N and Lon 079°12.88 0 E), Gulf of Mannar. Initial disinfection treatment was carried out using benzyl konium chloride (1 mg l ). During this period, the fishes were fed on live brine shrimp (Artemia sp) nauplii (Palanikumar et al. 2012b ) and starved 24 h prior to and during the experiment.
Experimental design
The renewal test system was conducted with 60 % volume replacement every 48 h: typically, the volume of test water replacement is about 80 % for 24 h (Environment Canada 1998) . ASTM (1997) recommends that renewals be done by replacing nearly all of the test solution and US EPA (1994) recommends that test organisms be exposed to a fresh solution either by transferring the test organisms from one test chamber to another chamber or by replacing all or a portion of solution in the same test chambers. Due to the above mentioned stressful approach to fish, and to lessen disturbance to the exposed fish, we replaced the exposure water at a lesser frequency rate and volume as suggested by Welsh et al. (2008) .
The renewal chambers were aerated throughout the test duration. Prior to test initiation or toxicant renewal, exposure waters in the 20-L buckets were well aerated for approximately 24 h (Welsh et al. 2008 ).
Determination of acute concentrations of carbendazim and chlorpyrifos (LC 50 )
The acute toxicity bioassay test procedure based on standard methods was conducted to determine the LC 50 -96 h values of carbendazim and chlorpyrifos (Sprague 1973; OECD 1993 ; APHA/AWWA/WEF 1998). The technicalgrade chlorpyrifos (20 % EC) with trade name Trickel (Excel crop care Ltd, Mumbai, India) and carbendazim (97 % purity, Sigma-Aldrich, USA) was used in the present study. A set of ten fishes was randomly exposed to ten target concentration levels (in logarithmic scale) of each pesticide compound to obtain the LC 50 -96 h values of the each test chemical for the species. Oxygenation of the test solution was provided with the help of aerators. Preliminary range finding tests was performed and definitive range concentrations were chosen, i.e., 1.48, 2.96, 5.92, 11.84 and 23.68 lg l -1 for chlorpyrifos and 3.04, 6.08, 12.17, 23.34 and 48.68 lg l -1 for carbendazim. The concentrations dissolved were estimated using pooled test medium. JOEL data system was used for chlorpyrifos and carbendazim analysis. The recoveries of spiked standards ranged from 56 to 98 %.
The range of concentrations present in the test medium was 1.38, 2.15, 4.53, 9.27 and 18.79 lg l -1 for chlorpyrifos and 2. 85, 5.45, 10.97, 20.17 and 45 .31 lg l -1 for carbendazim, respectively. 0.05 % acetone and seawater was were maintained as negative control. In control medium, the concentrations of chlorpyrifos and carbendazim were nil. The experiments were carried out for a period of 96 h under renewal test system for four times and mortality of organisms were noted at an interval of 24 h.
Estimation of biomarkers
After the stipulated periods of treatment (96 h), the live fish were killed and liver tissues were isolated in ice-cold condition for further studies. Pooled samples were used for the estimation of biomarkers.
Protein
The protein content in liver tissues was determined by the method described by Lowry et al. (1951) and Palanikumar et al. (2012b) using bovine serum albumin (BSA) as a standard.
Lipid peroxidation
Liver tissues were analyzed according to Vieira et al. (2008) with slight modifications suggested by Palanikumar et al. (2012b) . Lipid peroxidation was measured by the generation of thiobarbituric acid reactive species and quantified in terms of malondialdehyde equivalents. Its absorbance was measured at 532 nm with Systronics make double beam UV-visible spectrophotometer Model 2201 series. Each sample was run in triplicate.
Catalase
Enzymatic activity was evaluated in liver tissues of fish exposed to acute concentrations following the method described by Bainy et al. (1996) with slight modifications suggested by Vieira et al. (2008) . CAT activity was measured by the rate of hydrogen peroxide (H 2 O 2 ) decomposition at 240 nm (Beutler 1982) with Systronics make double beam UV-visible spectrophotometer Model 2201 series. Each sample was run in triplicate.
Acetyl choline esterase
The activity of AChE in liver tissues of fish was assayed according to the method of Vieira et al. (2008) with slight modifications suggested by Palanikumar et al. 2012b . The reaction mixture (3 ml) contained sodium phosphate buffer (50 ml, pH 7.5), 5, 5, dithiobis-(nitrobenzoic acid), (DTNB, 0.5 mM prepared in 10 mM phosphate buffer, pH 7.5 and 15 mg sodium bicarbonate added per 10 ml of solution), the substrate acetylthiocholine iodide (ATI, 0.5 mM) and enzyme protein (50-100 mg). For assays, the concentration of the substrate, DTNB and enzyme protein in reaction mixture were chosen so as to give maximal reaction rate. The increase in absorbance was recorded at 412 nm and 28°C for 3 min in a Systronics make double beam UV-visible spectrophotometer Model 2201 series. Measurement was made in triplicate for each tissue homogenate. Simultaneously two blanks were also used: one containing phosphate buffer, DTNB, and ATI, but not enzyme protein, to determine hydrolysis of ATI, and the second containing phosphate buffer, DTNB and enzyme protein, but not substrate (ATI), to correct for any nonAChE dependent formation of thio nitro benzoic acid. The blank readings were subtracted from the experimental absorbance increase per min. One unit of enzyme activity has been defined as the amount of enzyme required to catalyze the hydrolysis of one micromole of the ATI into product per minute under specified experimental conditions. The specific activity of enzyme is expressed as units of enzyme activity per mg protein. The extinction coefficient of the yellow anion (1.36 9 10 4 M -1 cm -1 ) was employed for calculating the enzyme activity (Ellman et al. 1961 ).
Glutathione S transferase
Glutathione S transferase activity in liver tissues of fish was estimated according to the method of Vieira et al. (2008) . Reaction mixtures contained 4.95 ml phosphate buffer (0.1 M, at pH 6.5): 0.9 ml GSH (10 mM):0.15 ml CDNB (60 mM). One ml of reaction mixture was added to 0.5 ml of the sample, with the final concentration of with the final concentration of 1 mM GSH and 1 mM CDNB in the assay. The activity rate of GST was measured as the change in OD/min at 340 nm (ext. coefft. 9,600 M -1 cm -1 ) in a Systronics make double beam UV-visible spectrophotometer Model 2201 series and expressed as nmol min -1 mg protein -1 .
Micronucleus assay
The slides were prepared by smearing one drop of blood on clean microscopic slides, fixed in methanol for 10 min and left to air-dry at room temperature and finally stained with 5 % Giemsa in Sorenson buffer (pH 6.9) for 20 min. A total of 1,000 erythrocytes were examined for each specimen under the light microscope. For the scoring of micronuclei, the following criteria were adopted from Fenech et al. (2003) : the diameter of the micronuclei (MN) should be less than one-third of the main nucleus. MN should be separated from or marginally overlap with main nucleus as long as there is clear identification of the nuclear boundary. MN should have similar staining as the main nucleus.
Statistical analysis
Median lethal concentration (LC 50 ) values were calculated for 24-, 48-, 72-and 96-h time points for each test series using the Probit analysis software (Finney 1971; US EPA 1994) . The differences in biomarkers in comparison with control animals for each pesticide were assessed by one way analysis of variance (ANOVA). Dunnett's test was employed to compare the significant difference between control and different exposure concentrations. Analysis of variance was carried out using Graph Pad prism software version 5.0.
Results and discussion
Influence of acetone Acetone (0.05 %) was used as a solvent in the present study. Control groups received equal volume of acetone. The results showed that the acute toxicity and biomarker enzyme activity were not affected by acetone. (Table 2) . Maximum reduction in total protein content was observed in chlorpyrifos-exposed fish.
Lipid peroxidation
Significant differences (P \ 0.05 and P \ 0.01) were detected between treatment and control fish. LPO level in C. chanos exposed to different concentrations of chlorpyrifos and carbendazim was shown in Fig. 3a, b . Significant increase (P \ 0.05 and P \ 0.01) in LPO level was observed in chlorpyrifos-and carbendazim-exposed fish when compared with control fish. Maximum increase in LPO level was observed in the highest concentration, i.e., 45.31 lg l -1 of carbendazim.
Catalase
CAT activity in C. chanos was decreased with increasing concentrations of chlorpyrifos and carbendazim (Fig. 4a,  b ). Significant decrease (P \ 0.05 and P \ 0.01) was observed between control and treatment exposed fish.
Maximum decrease in catalase activity was observed in chlorpyrifos-exposed fish.
Acetylcholine esterase
Similar to CAT activity, AchE level was decreased with increasing concentrations of chlorpyrifos and carbendazim (Fig. 5a, b ). Significant decrease (P \ 0.05 and P \ 0.01) was observed between control and treated fish. Maximum decrease in AchE activity was observed in chlorpyrifos-exposed fish. 
Glutathione S transferase
Significant decrease (P \ 0.05 and P \ 0.01) in GST activity was observed in chlorpyrifos-and carbendazimexposed fish when compared with control fish (Fig. 6a, b) . Maximum decrease in GST activity was observed in carbendazim-treated fish.
Micronucleus test
Micronuclei formation (Fig. 7) in erythrocytes of C. chanos at different concentrations after 96-h time period are summarized in Table 3 . There was significant induction of MN with increasing concentrations of both the pesticides. Maximum of 21.00 ± 0.89 MN cells were observed in chlorpyrifos-exposed fish. MN cells increase with increasing concentrations of chlorpyrifos and carbendazim. Chemical pesticides are well recognized as an economic approach to controlling pests; at the same time, such chemicals are highly toxic to other species in the environment. Now there is growing concern worldwide over the indiscriminate use of such chemicals that results in environmental pollution and toxicity risk to non-target organisms (Venkateswara Rao 2004) . The study of pesticide-induced effects on various antioxidants in fish and other aquatic organisms would provide relevant information about the toxicological consequences of pesticides in agriculture (Kavitha and Rao 2007) .
Commonly used sampling techniques, such as taking integrated water samples from various depths and filtering, may result in an under estimation of the likely exposure faced by multi-life-stage organisms. Many pesticides adsorb particulates, accumulate in sediments and bioaccumulate in planktonic organisms to higher concentrations than the dissolved levels in the water column ). In particular, pesticides drain into water bodies and can hamper fish health (Tripathi and Shasmal 2011) . The acute toxicity of chlorpyrifos and carbendazim was evaluated under renewal test system. Chlorpyrifos is found to be more toxic when compared with carbendazim. The variations in LC 50 values of the current study when compared with that of several others (Ali et al. 2009; Rico et al. 2011 ) may be due to environmental factors and regional influence (Magesh and Kumaraguru 2006) . Reduction in protein content appears to be due to the inhibition of protein synthesis or its increased degradation in the presence of the organophosphate pesticide (Tilak et al. 2005; Tripathi and Shasmal 2011) . The fish under pesticide stress showed symptoms of dullness and erratic swimming as observed in case of Oreochromis mossambicus exposed to organophosphorous insecticide (RPR-II) (Venteshwara Rao 2006) .
The organophosphate pesticide compounds generally exhibit their effects by inhibition of AChE, which leads to accumulation of the neurotransmitter acetylcholine in synapses (Sharbide et al. 2011) . Organo phosphorous pesticides are known to cause dose-and time-dependent AChE inhibition, and the rate of inhibition differs depending on species and age (Sharbide et al. 2011 ). The present results show that chlorpyrifos and carbendazim significantly inhibited AchE activity in fish tissue. It is an neurotoxicant and the mode of action is irreversible binding to an serine hydroxyl group in acetylcholine esterase through cholinergic over-stimulation (Ozcan Oruc 2010) .
Glutathione plays an important role in the detoxification and excretion of xenobiotics (Palanikumar et al. 2012b ). Glutathione depletion is considered a biomarker of environmental stress as observed in fish stressed either by chemical or natural pollutants (Venteshwara Rao 2006) . The conjugation of electrophilic compounds (or phase I metabolites) with GSH is catalyzed by the glutathione S-transferases (GSTs), a multigene superfamily of dimeric, multifunctional, primarily soluble enzymes. Apart from their essential functions in intracellular transport (heme, bilirubin and bile acids) and the biosynthesis of Values are mean ± SD (n = 3). *P \ 0.05, **P \ 0.01 statistically different from control. b Effect of carbendazim on GST activity in liver of C. chanos. Values are mean ± SD (n = 3). *P \ 0.05, **P \ 0.01 statistically different from control Fig. 7 Formation of micronuclei in erythrocytes of C. chanos at a 20.17 lg ml -1 of carbendazim and b 9.27 lg ml -1 of chlorpyrifos leukotrienes and prostaglandins, a critical role for GSTs is obviously defence against oxidative damage and peroxidative products of DNA and lipids (Henson et al. 2001) . The susceptibility of different fish species to chemical carcinogenesis may be modulated by the activity of GST (Yin et al. 2007 ). The toxicity of many exogenous compounds can be modulated by induction of GSTs (Jourmi et al. 2012) . The effects of inducing agents on total hepatic GST activity, measured by CDNB conjugation, have been observed in several fish species (van der Oost et al. 2003) . Elevated GST activity may reflect the possibility of better protection against pesticide toxicity and used as biomarker for pollution monitoring (Ozcan Oruc 2010) . Several studies reported GST activities to be significantly increased, but in most cases no significant differences were observed between fish from control and polluted sites (Pilarczyk and Correia 2009; Oliva et al. 2010) . Winston and Di Giulio (1991) found elevated rates of idiopathic lesions and neoplasia among fish inhabiting polluted environments to be related to the increased oxidative stress associated with pollutant exposure. Oxygen toxicity is defined as injurious effects due to cytotoxic reactive oxygen species (ROS), also referred to as reactive oxygen intermediates (ROIs), oxygen free radicals or oxyradicals (Winzer et al. 2001; Uttara et al. 2009 ). These reduction products of molecular oxygen (O 2 ) are the superoxide anion radical (O 2 -. ), hydrogen peroxide (H 2 O 2 ) and the hydroxyl radical (OH ? ), an extremely potent oxidant capable of reacting with critical cellular macromolecules, possibly leading to enzyme inactivation, lipid peroxidation (LPO), DNA damage and, ultimately, cell death (Winston and Di Giulio 1991; Gill and Tuteja 2010 (van der Oost et al. 2003) . CATs are localized in the peroxisomes of most cells and are involved in fatty acid metabolism; changes in activities may often be difficult to interpret (Filho 1996) . Pesticide-induced inhibition of CAT activity has been reported in various studies in fish species. For example, Pandey et al. (2001) reported that endosulfan caused a decrease in CAT activity and Yonar and Sakin (2011) reported that CAT activity was significantly decreased in the blood and tissues of fish exposed to deltamethrin concentrations. From the present results, it can be pointed out that the drop in CAT activity could be explained to the oxidative stress caused by the pollutant exposure.
Lipid peroxidation is the preliminary step of cellular membrane damage caused by pesticides and other xenobiotics (Yonar and Sakin 2011) and LPO is considered to be a significant indicator of oxidative damage of cellular components. Most components of cellular structure and function are likely to be potential targets of oxidative damage, and the most susceptible substrates for autoxidation are polyunsaturated fatty acids of the cell membrane, which undergo rapid peroxidation (Blokhina et al. 2003 ). The increase in MDA level from the present investigation is most likely attributed to an overproduction of ROS, which could be related to antioxidant enzyme leakage. The induction of elevated ROS production can lead to oxidative injury to important cellular macromolecules such as lipids, proteins, and nucleic acids (Bergamini et al. 2004 ). Similar to the present results, Monteiro et al. (2006) demonstrated that the exposure to 2 mg l -1 of Folisuper 600 BRÒ for 96 h induced significant increases in LPO levels of Brycon cephalus.
Many studies on pesticides show differences between active ingredients and their formulations with respect of mutagenicity (Grisolia 2002) . From this information it can be assumed that genotoxic events are occurring due to increased toxicity of pesticides in their technical grade (Grisolia 2002) . The preliminary results observed form the present investigation in C. chanos indicate the clastogenic properties of commercial formulations of chlorpyrifos and carbendazim, which really are getting into the aquatic environment.
MN can originate during anaphase from lagging acentric chromosome or chromatid fragments caused by misrepair of DNA breaks or unrepaired DNA breaks (Fenech et al. 2003) . ROS are highly reactive molecules that can disturb the homeostasis of the intracellular physiological state by reacting with cellular macromolecules including DNA, proteins and lipids. One of the advantages of MN assay is that it can be used for assessing the DNA damage in many tissues from the same animal and for comparing their responses under identical treatment conditions (Ali et al. 2009) . From the present results it can be inferred that the fluctuation in antioxidant enzyme responses may lead to DNA damage, eventually causing micronuclei formation. However, regarding C. chanos, the exact mechanism and relationship between micronuclei formation and biochemical enzymes' response deserve further investigation. In the present study, both the xenobiotics induced significantly higher number of MN formation that increased with concentrations at 96 h. Al-Sabti and Metcalfe (1995) demonstrated that maximal micronucleus induction normally occurred at 1-5 days post-exposure, which agrees with our results. Ali et al. (2009) reported a dose-dependent increase in MN formation coinciding with the present results. MN assay has also opened a broad perspective in aquatic toxicology, as fish erythrocytes are constantly being exposed to environmental pollutants.
Conclusion
In conclusion, our data confirm that chlorpyrifos and carbendazim induce similar biochemical changes in milkfish C. chanos. In our study, we found that both chlorpyrifos and carbendazim induce clastogenic response (micronuclei formation) with increasing pesticide concentrations. This study showed that chlorpyrifos and carbendazim induced alterations in the activity of antioxidant enzymes and could interfere with nuclear materials and induce clastogenicity. Detailed investigations are required at this stage to correlate the relationship between micronuclei formation and biochemical enzyme responses. Moreover, effects of organophosphate pesticides on marine organisms are not fully understood. The present results show the importance and the effect of pesticides on the natural ecosystem with the alarming rise in pollution over the years. The present study findings help to understand the risk of chlorpyrifos and carbendazim in biochemical enzyme response. Thus, this is the first in vivo study on the action of an organophosphorus pesticide chlorpyrifos and carbendazim on the lipid peroxidation, acetylcholine esterase, catalase, glutathione s-transferase together with cytotoxicity in C. chanos. Detailed investigation on sublethal toxicity, bioenergetics, biochemical enzyme response, MN identification and DNA damage index for chlorpyrifos and carbendazim in C. chanos needs to be conducted.
